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The vacuum ultraviolet region has become increasingly 
important with the use of rockets and artificial satellites 
t~ cbtain spect ra of radiations from astrophysical sources 
These spectra are simulated by the absorption spectra obtained 
from the shock excitation of powdered materials. At the 
Shock Tube Spectroscopy Laboratory of the Harvard College 
Observatory, atomic absorption spectrograms of different 
elements in this region are now available for analysis and 
interpretation. 
grams of iron has been made. The resonance lines of Fe I 
predominate in the region above 1855 A and many Fe I1 lines 
are observed. Although the temperature of the shock tube was 
thought not to be sufficiently high to produce Fe 111 absorp- 
tion lines, a number of the observed lines agreed closely with 
the accepted values of Fe I11 emission lines. Positive identi- 
fication of these lines and many newly observed lines below 
3 
An intensive study of the absorption spectro- 
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1855 A awaits an extension of the analysis of the iron spectrum 
which is now in progress. These four factors, the predominance 
of the resonance lines of Fe I, many Fe I1 lines, the possi- 
bility of Fe I11 lines and many new lines below 2000 w, produce 
spectrograms which differ in appearance from the emission 
spectrograms of the iron arc and spark. An atlas of these 
absorption spectrograms should prove to be a necessary and 
timely tool. 
11. EXPERIMENTAL 
All plates except one taken with the furnace at Imperial 
4 College, London are from the Shock Tube Spectroscopy Lab- 
oratory of the Harvard College Observatory. Table 1 is the 
index of the plates measured. The iron compound excited by 
the shock is given for each plate. The spectroscopy of shock- 
excited solids is described in a number of the references 
listed. The vacuum spectrograph used is of the Eagle type 
w i t h  a three meter concave grating. The plates had an average 
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d i spe r s ion  of approximately 2.76 A/mm. 
no t  cons tan t ,  b u t  va r i ed  l i n e a r l y .  
The d i s p e r s i o n  was 
A l l  p l a t e s  w e r e  measured on a Z e i s s  Abbe Comparator and 
s e v e r a l  on t h e  Grant Comparator a t  t h e  Argonne Nat ional  Lab- 
o ra to ry .  These measurements w e r e  converted i n t o  wavelengths 
i n  vacuum by a computer program developed by J .L .  Tech 
those above 2000 A w e r e  changed i n t o  wavelengths i n  a i r .  
computer program used a l a r g e  number of  s tandards,  tested 
d i f f e r e n t  degree equat ions f o r  t h e  p l a t e ,  c a l c u l a t e d  t h e  d i s -  
pe r s ion  a t  each s tandard wavelength, s e l e c t e d  t h e  to le rance ,  
e l imina ted  t h e  s tandards  i n c o r r e c t l y  i d e n t i f i e d  o r  poorly 
measured and c a l c u l a t e d  t h e  s tandard  dev ia t ion  and probable 
e r r o r .  T h i s  program w a s  appl ied  t o  t h e  measurements of  each 
plate,  cons ider ing  each p l a t e  as a s i n g l e  region a s  w e l l  a s  
d i v i d i n g  each p l a t e  i n t o  two or more regions.  
5 and 
T h i s  
Table 2 lists t h e  regions measured, t h e  number of s tandards  
used i n  each region, t h e  to le rance ,  s tandard dev ia t ion  and 
probable  e r r o r  f o r  each region. The le t te r  following t h e  
p la te  number i n d i c a t e s  w h e t h e r  t h e  measurements w e r e  made on 
t h e  Grant Comparator (A)  a t  t h e  Argonne Nat ional  Laboratory 
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o r  on t h e  Z e i s s  Comparator (2) a t  t h e  Harvard College 
Observatory.  For t h e  regions above 2000 A ,  t h e r e  are 
2 9  s e p a r a t e  e n t r i e s  i n  Table 2. Since  one micron cor res -  
ponds t o  .003 H , 11 of t h e  29 e n t r i e s  have a probable 
e r r o r  i n  measurement of one micron and seven a probable 
e r r o r  i n  measureInent g r e a t e r  than two microns. 
111. PLAN O F  THE ATLAS 
The region contained i n  t h e  A t l a s  i s  2950 - 1588 A .  
There a r e  n ine  c h a r t s ,  each p r i n t  conta in ing  approximately 
100 H. 
copper emission l i n e s  exc i ted  by a hollow cathode. Because 
of experimental  d i f f i c u l t i e s ,  it was not  poss ib l e  t o  u s e  t h e  
copper l i n e s  as s tandards  f o r  measurement. Therefore, i n t e r -  
n a l  Fe I s tandards  w e r e  used above 18551 . Below 1855 i, 
Fe I R i t z  ( i d e n t i f i e d  a s  RZ under Remarks) and Fe I1 s tan-  
da rds  w e r e  used. Lines used as s tandards  a r e  marked w i t h  a n  
The l i g h t  s p e c t r a l  l i n e s  on p l a t e s  9 3  and 94 are 
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F '  
I 
I 
E a s t e r i s k .  These spectrograms were enlarged almost s i x f o l d  
so t h a t  t h e  d i spe r s ion  of  t h e  c h a r t s  i s  about .483 Umm. 
B e l o w  2000 A, t h e  c h a r t s  conta in  three exposures f o r  each 
reg ion .  F a i n t  l i n e s  are brought o u t  i n  one exposure, and t h e  
s t r u c t u r e  of t h e  s t rong  l i n e s  i n  a d i f f e r e n t  exposure. It 
is  t h i s  region b e l o w  2000 t h a t  conta ins  many new l i n e s .  
I V .  WAVELENGTH DATA 
Table 3 lists t h e  l i n e s  observed and measured on t h e  
plates indexed i n  Table 1. The wavelength i n  vacuum is 
g iven  i n  column one, t h e  wavelength i n  a i r  i n  column two. 
Under " R e m a r k s "  is  given t h e  value of t h e  corresponding 
emission l i n e  reported i n  t h e  l i t e r a t u r e  and i t s  reference .  
Above 2 0 0 0 i  
i n  vacuum. The re ference  RM-U des igna tes  an u n c l a s s i f i e d  
s t r o n g  i r o n  l i n e  given i n  t h e  t e x t  but  no t  included i n  t h e  
table of c l a s s i f i e d  l i n e s  given i n  RM. I n  some ins tances ,  








the wavelength values are followed by 'ICtt to indicate that 
these values were obtained from Schwnacher (ref. I tstt  , table 3 )  
but were corrected by C.M. Sitterly to agree with measurements 
of K. Burns and F.M. Walters. When several values appeared 
in the literature, the one which agreed more closely with 
the Harvard measurements was chosen. Column four gives the 
wavenumber, columns five, six and seven the number of plates 
on which the line was observed, the number of measurements, and 
the span of measurements, namely A A x l o 3  w. 
Lines with only one measurement, as well as all lines 
below 1750 H are given to two decimal places. From 2950 - 
1855 A where the span was greater than .025, and from 1855 - 
1750 H where the span was greater than .01 A, the wavelengths 
of the lines are also given to two decimal places. 
All lines observed below 1750 H have been retained in 
this list, although it is probable that many are not due to 
iron. The wavelength and probable element are given under 
"Remarkstt. It is expected that as the present analysis 
progresses, many of the new lines will coincide with those 
predicted from new term values and thus be identified as 
iron. 





An a n a l y s i s  of t h e  d i f f e rences  between t h e  Harvard 
wavelengths and t h e  l i t e r a t u r e  values  i s  given i n  Table 4. 
I n  t h e  region 29504-2084 A t h e  wavelengths ius4 fer stan- 




Fe I wavelengths l i s t e d  i n  Reference RM; and, i n  t h e  region 
1855 - 1751 H, Fe I X i t z  s tandards and l i n e s  t h a t  w e r e  
fl! - 
i d e n t i f i e d  a s  Fe  11. A l i t t l e  more than a t h i r d  of t h e  
large number of l i n e s  i n  region one had a d i f f e r e n c e  equal  
t o  o r  less than -003 A, which  means a v a r i a t i o n  i n  measure- 
ment of one micron. A l i t t l e  less than one t h i r d  of  t h e  
l i n e s  i n  t h i s  region had a d i f f e r e n c e  g r e a t e r  than  0.01 A. 
The other  two regions d i f f e r  s l i g h t l y  from region one. I n  
r eg ion  one, on ly  15 l i n e s ,  o r  less than  two per  cen t ,  had a 
d i f f e r e n c e  g r e a t e r  than 0.05 A. The o t h e r  regions had none. 
S t rong ,  hazy, wide, f a i n t  and blended l i n e s  w e r e  d i f f i c u l t  
t o  measure w i t h  high prec is ion .  The experimental  condi t ions  
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Laboratory f o r  t h e  u s e  of t h e  Grant Comparator t o  measure 
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877 A *  
363 RM 
344 A *  
072 R M  
806 RM 
905 A *  
1 RM 
479 D FE I 1  
620 A 
009 A *  










159 A *  
518 RM 
94 K 
382 A *  
416 RM 










173 A *  
335 A 









































































































































































































































2833 27 1 



















2 804 437 
2804.002 
2803.264 




































































TABLE 3 - CONTINUED 
REMARKS 
798 A *  
715 A *  
831  A 
595 RM* 
631  A*  
423 A* 
121 A*  
951  A *  
457 A 
978 A *  
755 RM 








589 D FE I 1  
277 A* 
804 A 
286 D FE I 1  
505 A*  
506 RM 
288 A *  
328 A 
246 A *  
985 A *  
865 RM 




777 A *  


































356 11 57 
35614.89 
35641.72 











































































































































































TABLE 3 - CONTINUED 
WAVELENGTH 
VACUUM A I R  

















803 RM 35834.24 
477 RM 35838008 
106 RM 35856007 
933 A 35858.4 
346 R M  35904.3 
35923.06 























1 1  
4 














700 RM 35951.63 
35963.68 
842 RM-U 35975 57 
221 A *  35983.65 
36004030 
554 0 FE I 1  36005.07 
730 RM 36028082 
232 RM-U 36048.19 





























i n  - -  
2772.929 2772.il0 









i l l  A *  
9 K  
695 R M  




523 A *  




























































028 A *  
781 A *  
814 RM 
856 RM-U 
317 A *  
330 A *  
733 D FE I 1  
184 RM 
36 180.44 










































2751 071 1 



















896 D FE I 1  
671 D FE I 1  
142 A *  
688 KRM 





























































































































































TABLE 3 - CONTINUED 
REMARKS 




487 D FE I 1  
529 A* 
069 A *  
564 RM 
196 D FE 11 




325 0 FE I 1  






500 D FE I 1  




582 A *  
982 A *  
970 A 
819 RM 
021 A *  




954 A *  
579 A 
032 RM 
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TABLE 3 - CONTINUED 
WAVELENGTH 
VACUUM A I R  






















4 1 4  D F E  I 1  
062 RM 




583 A *  
012 R M  
453 RM 














































2 6 9 5 0 0 4 9  
2693.442 
7 ~ n 2  ncL 
'"..d.Y/Y 
2698.22 








3 L n 3  3E'I 
L" Z L I C I  * 
162 RM-U 




















































2690027  1 
2690.010 
















069  A *  
8 3 1  A *  











37 174 5 8  
37234.99 
3724505  
37270 9 1 
3727905  
37296.  11  



















































214  A 
492 R M  
O B  
9 1 4  A* 
967 A *  
813 A *  
400  A *  
08 B 
315 H 

































2 6 5 7 0  5 8  1 
2656.937 
2 6 5 3 0 3 3  






256 D FE 
7 9 3  A *  
145 RM 
557 D FE 
4 2 4  D FE 
708  A* 
559 A *  
423 A *  
37566.05 
3 7 5 7 6 0 9  
I 1  37579.4 
37628.20 
37637.32 
I 1  37688.5 
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TABLE 3 - CONTINUED 
REMARKS 
999 A *  
647 A *  
479 A *  
810 A *  
595 A *  
238 A *  
321 D FE I 1  
045 D FE I 1  
579 RM 
291 D FE 1 1  
24 H 
664 D FE I 1  
532 RM 
367 A *  
669 D FE 1 1  
408 D FE I 1  
711 A *  
019 A* 
618 D FE I 1  
?n nu I I  
-rLV ni.1-w 
495 A *  
820 D FE I 1  
773 A *  
873 D FE I 1  
750 RM 
220 KRM 
086 D FE I 1  
828 A *  
30 K 






395 D FE I 1  





542 D FE I 1  
252 RM-U 
010 RM-U 
876 D FE I 1  



















































































































































































1 7  









































258 1 727 















2 570 366 
2569.635 
2568.774 




























A I R  



















































TABLE 3 - CONTINUED 
REMARKS 




454 A *  
281 RKM 
066 A *  
841  B 
266 RM 
02 H 
920 D FE I 1  







908 D FE I 1  
561 A *  
472 D FE I 1  
535 D FE I 1  
224 RM 
856 A *  
262 RM 
558 A *  
862 RM 
304 A *  
648 RM 
193 RM-U 




614 A *  
86 RM-U 
WAVENUMBER 
















































































































































































25450 5 1 
2545.484 

































































































TABLE 3 - CONTINUED 
REMARKS 
REMARKS 






431 D FE I 1  
101 RM 
973 A *  
669 D FE I 1  
575 RM 
358 A *  
693 KRM 
460 A *  
174 B 
609 A *  
128 RM 
802 RM-U 
626 D F E  I 1  
139 B 
876 A *  
5 RM 
694 RM 
837 A *  
545 D FE I 1  
306 KRM 
221 D FE I 1  
136 A *  
436 A *  
386 D FE I 1  
021 RM-U 
603 KRM 
294 A *  
658 RM-U 
1 1  RM-U 





































































































































































1 1  
















































25 18  875  








25 15 0 4 6 8  
2515.137 
2 5 1 5 0 0 9  
2 5 1 4 0 6 2  
2514028  
2513.20 
2 5 1 3 0 1 0 3  
2 5 1 3 0 0 2  
2 5 1 2 0 5 1  
2512.13 
2511  0 6 5 7  












2 5 0 4 0 2 7 1  
2503.255 









A I R  
2522.364 
2521.92 















2 5 1 4 0 3 8 0  
2 5 1 4 0 3 3  
2513086  
2 5 1 3 0 5 2  
2512.44 
25  12  346 
2512.26 
25  11 0 7 5  
2511037  
2 5 1 0 0 9 0 1  
2510.866 
2510.837 
2 5 0 8 0 7 4 9  
2507.896 
2507.44 









2 5 0 1 0 6 9 5  
2501  168  




2 4 9 6 0 0 9 4  
2 4 9 5 0 8 7 5  
2 4 9 4 0 2 4 9  
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TABLE 3 - CONTINUED 
REMARKS 
920  A* 
968 RM-U 
631  A* 
8 2 4  K R M  
103  A* 
658  RM 
1 2 4  D F E  I 1  
572 A *  
249 RM 
925 D F E  I 1  
707 B 







7 5 9  D FE I 1  
375 D FE I 1  
836 A *  
7 5 1  RM 
899 RM 
40 K Y  
569 RM 
627 RM-U 
485  RM-U 
004 RM 
4 9 1  RM 
503 KRM 
695 A* 
133 A *  
895 A* FE I 1  
992 M 
534  A *  
065 K Y  













397 15 98  
39724.68 
39729.82 









































































































































2 4  
15  
32 
1 9  
20  













































TABLE 3 - CONTINUED 
REMARKS 
998 RM 
269 D FE I 1  
64 RM 
903 RM 




405 D FE I 1  
942 RM 
335 D FE I 1  
144 A *  
371 A *  
064 RM 
690 RM 
372 R M  
909 RM 
106 RM 
272 A *  
393 KRM 
777 A *  
401  A *  





015 A *  
156 RM 










40 129 067 
40137.4 
401 50. 37 
40 152 047 
40 155 0 0  
40156.9 






















































































































































































































2445 e 949  
2445.24 







































































TABLE 3 - CONTINUED 
REMARKS 
610  D F E  I 1  
343 RM 
961  RM 
9 K Y  
666  KRM 
800  A* 
7 3 3  A* 
573 KRM 
530 KRM 
150 A *  
7 2 8  RM 
648  A* 
182 A* 
31  RM-U 
5 6 4  RM 
590 A* 
477 A *  
590 R M  




7 1 1  A* 
213 A* 
515 D FE I 1  
873 A *  
567 RM 
106 RM 
7 4 3  RM 




3 K Y  
025  RM-U 
073  D FE I 1  
010 RM 
141  D FE I 1  
0 9 4  RM 
4 K Y  
300 D F E  I 1  




















4066 1 7 6  
















































































































































































































































2369 3 16 




















































TABLE 3 - CONTINUED 
REMARKS 
521 D FE 11 
045 RM 
660 D FE I1 
882 D FE I 1  
430 D FE I 1  
597 D FE I1 
52 K Y  
136 KRM 
237 D FE I 1  
627 D FE I 1  
416 D FE I 1  
2 K Y  
475 D FE I 1  
973 A*  
629 D FE I 1  
399 0 FE I 1  
386 D FE I 1  
242 D FE I 1  
060 D FE I1 
356 D FE I1 
034 D FE I1 
836 A 
757 D FE I 1  
275 D FE I 1  
526 D FE I 1  
991 RM 
24 K Y  
192 D FE 1 1  
519 A *  
733 D FE I 1  
625 A *  
431 A* 
494 D FE I 1  
457 A *  






































42 100 83 
42114.66 
42115.9 








































































































































































































































































TABLE 3 - CONTINUED 
REMARKS 
8 6 4  D FE I 1  
591 D FE I 1  
825 D FE I 1  
014 D FE I 1  
287 D FE I 1  
999 D FE I 1  
111 D FE I 1  
915 RM 
327 RM 
8 8 4  D FE I 1  
8 8 4  KKM 
300 D FE I 1  
118 D FE I 1  
304 KRM 
408 R M  
07 K Y  
278 D FE I 1  
958 D FE I 1  
4 9 5  D FE I 1  
352 D FE I 1  
0 0 5  D FE I 1  
246 KRM 
522 D FE I 1  
7 9 8  D FE I 1  
308 D FE X I  
641 El* 
391 D FE I 1  
296 D FE I 1  
6 2 7  KMR 
416 KMR 
359 A *  
19 S 
872 RM 
962 D FE I 1  
650 KRM 

















































































































































































































































A I R  



















































TABLE 3 - CONTINUED 
REMARKS 
000 A *  











221 A *  
657 RM 
170 A *  
788 A *  
9 2 8  A *  
406 RM 
845 RM 






032 R M  
632 RM 
251 A *  
442 KRM 
086 A *  
656 A *  
305 A *  
079 RM 
861 RM 
986 R M  
222 RM 
922 R M  
















































































































































































































































































































TABLE 3 - CONTINUED 
REMARKS 
593 RM 




070 A *  
781 RM 
863 A *  
099 A *  
465 RM 
085 A *  
903 B 
61 RM 





078 D FE I 1  
5 1 1  A +  
279 RM 
-*.. -.. - - - . 1 . . 
861 RM 
119 D FE I 1  
875 A *  
937 D FE I 1  
791 A 
181 D FE I 1  
858 RM 
654 A *  
911 RM 









































































































































































1 1  
8 































2 2 2 9 0 4 3  
2229022  
2228.868 













2 2 1 7 0 2 4  
2 2 1 6 0 6 9  
2212.41 
2 2 1 1 0 9 3  
22 1 1.589 
22 11 375 
2210.850 
2210.807 
2 2 1 0 0 4 2  
2209.44 
2 2 0 8 0 6 8  







2 2 0 0 0 2 8  
2197.92 
2196.730 
2 1 9 6 0 3 1  
2194.119 
2 1 9 3 0 5 3  





--I . -&*  





2 2 2 9 0 0 8 0  
2228.74 
2 2 2 8 0 5 3  
22280175  
2227.77 
2 2 2 6 0 3 1  







22  18 56 






22 11 e24 
2210.900 




2 2 0 8 0 7 5  
2 2 0 7 0 9 9  
2207.068 
22040  7 8  1 
2204.66 
2201.112 
2 2 0 0 0 7 2 3  
2200.385 
2200.01 
2 1 9 9 0 5 9  
2197.23 
2 196 0 0 4 4  
2195.62 
2 1 9 3 0 4 3 3  
2192.85 
2 1 9 2 0 2 1  
2 1 9  1.845 
2191.69 
2 1 9  1 . 2 0 4  
---- -. 
L L I 4 . Y - r  
-30- 
TABLE 3 - CONTINUED 
REMARKS 
8 1  RM 
432 RM 
214  A+ 
0 7 4  A 
7 3 3  D FE I 1  
489  RM 
172 A 
324 D F E  I 1  
7 4 7  KRM 
7 5  RM 
0 3 4  
912 RM 
7 4 4  RM 
7 2 3  D F E  I 1  
714 KRM 
0 6 9  A *  
117 RM 
7 2 3  RM 
370 RM 
563 D F E  I 1  
230 RM 
043  A+ 
411 RM 




4 4 7 3 2 0  1 
44739  9 3  
44804 6 5  
44827.2 
44847 0 6  1 
44854.5 
4 4 8 5 8 0 7  
44865 82  
44874.0 
4 4 9 0 3 0 5  







4507 1 56  






4 5 2 0 9 0 4  
4 5 2 1 6 0 3 6  
45220.73 
452 3 1 47 
45232.35 
- 








4 5 6 0 9 0 4 1  
45612.7 






































































































































































2 168 0737 
2168.08 
9 1 7 4  a 4 - i  - _  - - - -  
2168.04 
2167.99 



























































- - . - - e -  
-31- 



















841 A *  
670 KRM 
396 RM 















































































































































































































































2 15 1.776 
2151058 
2 15 10443 




















2 142 a822 
A I R  
2163.864 
2163.388 
2 162 e265 
2162.04 
2161 e 5 8 0  


















9 1 ~ 3  n n o  
2 152 0258 
2151.887 
2151.70 























_ _ _  - - - - - 
-32- 





023 D FE I 1  



















































463 13 023 
46329.09 






46407 0 a 
46448.22 























































































































































































2 131 0647 
2i31.093 
2130.32 
































3 1 3 G  4 . A 3  - -  
-33- 





















170 A *  
600 A *  
08 RM 






























































































































































































3 6  
























































































































2 0 6 3 . m  
-34- 
TABLE 3 - CONTINUED 
REMARKS 
395 A *  
260 RM 
964  RM 
053  A* 
910 RM 




7 5 9  6 
081  RM 
451  RM 
r o c  A *  - - -  ~. 
862 RM 
384 A *  
512 A* 
122 A* 









47 5 3 1  67 
47550 60 




















47706. a 3  












































































































































































2 0 3 4 0 0 0 6  
2032.32 
2 0 3 0 0 6 0  
2029.35 
2 0 2 9 0 0 9  
2027 66 
2026.90 
2 0 2 6 0 4 6  





2 0 2 3 0 6 6  
2023.41 
2 0 2 3 0 0 6  
- 8 C . c . -  ,-, 




2021  0764 




2 0  16 0 4 0 9  









2 0 0 9 0  173  
2008.896 
2007 8 5 9  
2007.092 
2006.876 




























L V L A O I I .  
2021.67 
202 1.42 




2 0 1 7 0 1 1  
2 0 1 6 0  52 1 
2015.758 
2014.970 









2008 0 2 4 6  
2007.210 






687 M2 F E  I 1  
7 7 6  M2 F E  I 1  









49135.  56 
49143.4 
49  164.06 
4 9 2 4 6 0 5  
49204.a 
49276.9 
4 9 2 8 3 0 2  
49317.9 















4 9 5 1 2 0 1  
. c . , . o  1 0  ., . . V . " Y  
4 9 5 5 9 0 9  
49574.35 
4 9 5 9 3 0 1 1  
49612 0 5 0  







4 9 7 6 3 0 9  
4977 1.72 
49778 58  
49804029  
49823.33 













































































































5 5  
2 1  
1 
56 
1 3  
4 4  
26  
























































































2002 m74 1 
2002.36 





TABLE 3 - CONTINUED 
REMARKS WAVENUMBER 
49875.73 







































059 RM* 50657.07 
911  RM* 50661.00 
50707.29 






043 RM* 50915.15 





























































































































































































































888 S FE I 1  
184 ES FE I 1 1  
481 G FE I 1  











5 10760 62 
51123.80 
51132.93 
5 12030 30 
51214.21 















5 1681 054 
51692.25 

















520 15 e04 
52098.66 
NUMBER 



























































































































































- 7  
A 3  
I .  
I -38- 






















































337 G FE I 1  
53 v 
150 G FE I 1  






























































































































































































































I .  
I 
-39- 





















































1852 072 1 
REMARKS 
421  RM* 











606 ES FE 111 
30 KRM 
743 M2 FE I 1  
54 M2* 
318 RM* 
665 ES FE I 1 1  
26 KRM 



























































































































































































































































1 8 3  1 347 
1830.80 










TABLE 3 - CONTINUED 
REMARKS WAVENUMBFk 
458 SA FE I 1  53983.1 
54003.8 
379 RZ* 5401 3 08 
261  ES* FE I 1 1  54017.0 
200  ES FE I 1 1  
883  ES FE I 1 1  
7 6 8  G* FE I 1  
581  G* F E  I 1  
590 M2 FE I 1  
988 SA FE I 1  
575 RZ* 


































































































































































1 4  
5 
1 1  
38 
49 
3 0  






















































































54992 08 1 
54997.0 
55025.2 











































































































































































































































































































































































594 RZ+ 56382.69 




























































































































































































































































































































































574 M2 CU I 1  
54 M2 CU I 1  
253 M2* FE I 1  
038 M2* FE I 1  
402 M2* FE I 1  
62 M2 V I 1  

















































































































































































































































862 M2 MN I 1  5865507 
































06 M2 SI 1 59273.4 
457 M2* FE I 1  59294.0 
953 M2* FE I 1  59315.2 
















































































































































15 M2 CU I 1  
80 M2 SI I 
258 M2* FE I 1  
60 M2 SI I 
44 M2 V I 1  
11 M2 SI I 
759 M2* FE I 1  
63 M2 SI 1 
54 M2 SI I 




























































































































































2 0  























































785 M2* FE I 1  
113 M2 CI 
891 M2 C I  
368 M2 CI 
235 M2 C I  
042 M2 FE I 1  
709 M2* FE I 1  
187 M2* FE I 1  
167 M2* FE I 1  
13 M2 V I 1  
400 M2* FE I 1  
334 M2* FE I 1  
86 M2 V I 1  
389 M2* FE I 1  

































































































































































3 0  
10 
10 















- 4 a - .  






















































353 M2 FE I 1 1  
5 1  M2 V 1 1  
124 M2* FE I 1  
27 M2 CU I 1  
376 SA FE I 1  
155 M2 FE I 1  
03 M2 SI I 
919 M2* FE I 1  
525 M2 FE I 1  
102 M2* FE I 1  
87 M2 SI I 
685 M2* FE I 1  
39 M2 SI I 










































































































2 8 0  
2 40 









































































TABLE 3 - CONTINUED 
REMARKS 
82 M2 SI I 
92 M2 SI I 
803 K Y  FE I 1 1  
17 M2 SI I 
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-I 
G a l  E 
0 0  a 
r lN  c 
b I  a 0  I &In a oc 
( u -  
m a 0  
0 0 4  
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I l l  
. * .  
O d b O  
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9 5 0 3 6 ~  
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77302 --- 
- - 75 3 03 
72 335 
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5213 A 
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43 9 78- 111111 - 43 6 31 
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- 25 901 
2 3 8 5 1  
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14 306 - - 12 159 
-2650 23277 -- 
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,/ 28 970 
30982- 
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‘20 I94 
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I5 3 2 3  . 114870 
‘14 06 2 14414 ’ 
11656 -- 
IO 54 3 ~- 
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99 108 




196 28 96047 1 7  39220 
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